Videolaryngoscopy (VL) may improve the success of orotracheal intubation compared with direct laryngoscopy (DL). We performed a systematic search of PubMed, Embase, and CENTRAL databases for studies comparing VL and DL for emergency orotracheal intubations outside the operating room. The primary outcome was rate of first-pass intubation, with subgroup analyses by location, device used, clinician experience, and clinical scenario. . In summary, VL compared with DL is associated with greater first-pass emergency intubation in the ICU and amongst less experienced clinicians, and reduces oesophageal intubations. However, VL is associated with greater incidence of arterial hypotension. Further trials investigating the utility of VL over DL in specific situations are required.
Editor's key points
The authors conducted a systematic review and metaanalysis comparing video vs direct laryngoscopy for emergency intubations outside the operating theatre. They found no clear benefit to the routine use of videolaryngoscopy over direct laryngoscopy besides the possibility of improved rates of first-pass intubation amongst less experienced clinicians. Videolaryngoscopy was associated with fewer oesophageal intubations, but more arterial hypotension compared with direct laryngoscopy for emergency intubations.
Failure to secure the airway in a timely manner in the critically ill patient is likely to result in serious complications or death. 1 Videolaryngoscopy (VL) has been proposed as a method to improve glottis visualisation, and improve the success of orotracheal intubation over traditional direct laryngoscopy (DL). 2 In the operating room, VL appears to reduce the number of failed intubations, particularly amongst patients presenting with a difficult airway. 3 The theoretical benefits of VL are appealing in the management of patients who require emergency orotracheal intubation. However, there are circumstances in which DL could be advantageous over VL (e.g. when performed by experienced clinicians). Furthermore, improved glottis visualisation with VL may not necessarily translate into a higher success rate for first-pass intubation, because tracheal intubation under indirect vision may be more challenging. 4e6 Airway soiling can obscure the camera lens, requiring that the device is removed and cleaned before repeated use, favouring DL in such circumstances. A recent Cochrane review found that, compared with DL, VL reduced failed intubations, including in participants with anticipated difficult airways, reduced laryngeal/airway trauma, increased easy laryngeal views, and reduced failed intubations amongst experienced users. However, majority of the studies were conducted in the operating room, and the authors highlighted 'a notable lack of studies' amongst 'patients in different (high risk) settings such as the emergency department (ED) or ICU'. 7 Our objective was to compare the rates of first-pass emergency orotracheal intubation rates outside the operating room between VL and DL. We also aimed to evaluate specific circumstances, in which VL may be beneficial over DL, including clinician experience, clinical situation, and the type of videolaryngoscope used. Secondary analyses included the difference in complications between VL and DL use, and time to intubate.
Methods

Information sources and search strategy
A systematic literature search of MEDLINE (via PubMed), Embase (via Ovid), and the Cochrane Central Register of Controlled Trials (via Wiley) (CENTRAL, Issue 2, 2015) was conducted to identify suitable studies. When possible, we used controlled vocabulary (MeSH) and keywords (Supplementary Data). Only full articles in the English language were considered. Date restrictions were not applied. The last search update was in October 2017. In addition to searching electronic databases, previous review articles on the subject were hand searched for further references.
Eligibility criteria
We established inclusion criteria before beginning our search. All studies comparing VL and DL for emergency orotracheal intubations outside the operating room were included. Controls were defined a priori as patients who had emergency orotracheal intubations outside the operating room using DL. We included only those trials in which DL or VL was used as the first-line method of intubation in the control or intervention arm, respectively. Thus, we excluded trials in which VL or DL was used as a rescue device. Only studies reporting firstpass intubation rates were included. Studies involving elective and emergency surgery, or paediatric patients (<16 yr) were excluded. We included all randomised controlled trials (RCTs), observational studies (prospective and retrospective), and propensity-matched analyses.
Study selection
Two investigators (J.L. and R.I.) independently screened both the titles and abstracts to exclude non-pertinent studies. Discrepancies were resolved by a third author (N.A.). Relevant full text articles were then retrieved and analysed for eligibility applying the pre-defined inclusion criteria.
Data collection and analysis
Two investigators (J.L. and R.I.) independently extracted information from selected studies using a standardised datacollection form. When we found multiple publications from a research group, we determined whether their reports were from the same study population based on the time frame of data collection and data sources, and we removed duplicates.
We collected data on the following: year of data collection, country of study, type of study, total number of participants, experience of clinician, location of intubation, any particular circumstances [cardiopulmonary resuscitation (CPR) or trauma], and type of videolaryngoscope used. The following data points were collected for patients undergoing emergency orotracheal intubation by VL or DL: number of intubations, number or first-pass intubations, time to intubate, total number of complications, and specific complications (oesophageal intubation, airway/dental trauma, aspiration of gastric contents, hypoxaemia/desaturation, and systemic hypotension).
Primary outcome
The rate of first-pass intubation in different locations was the primary outcome of our analysis. Locations included the emergency room, pre-hospital setting, intensive care unit (ICU), and other locations within the hospital (outside the operating theatre).
Secondary outcomes
We performed a priori subgroup analyses to investigate the effect of VL compared with DL in achieving first-pass intubation by (i) the type of videolaryngoscope used, (ii) experience of clinician, and (iii) clinical scenario (CPR or trauma). Studies including >90% of all intubations occurring during CPR were included in the clinical scenario (CPR) subgroup analysis. We also conducted an analysis of the rates of peri-intubation complications, with a subgroup analysis on the types of complications (oesophageal intubation, aspiration of gastric contents, hypoxaemia/desaturation, and arterial hypotension) and time to intubate.
For the subgroup analysis of experience of clinician, studies were divided into studies that included only experienced clinicians, studies with predominantly novice or trainee clinicians, and studies with a mix of experienced and novice clinicians and non-doctors (paramedics and nurses). Studies that stated 'residents', 'novice', 'fellows', and 'postgraduate year doctors specialising' were categorised into studies with novices and trainees. Studies that stated 'physicians', 'experienced', 'consultants', 'attending physicians', and 'professionals' were categorised into studies with experienced clinicians. The study by Park and colleagues 9 was excluded from the primary analysis as is was a subgroup analysis (novice physicians) of a larger study by Kim and colleagues 8 which was included in the primary analysis. However, these studies were included in the subgroup analysis of experience of clinician.
Risk of bias of included studies
The methodological quality of the included randomised control trials was assessed using Cochrane Collaboration's tool for assessing risk of bias. 10 The methodological quality of included observational studies was assessed using the ACROBAT-NRSi Cochrane Risk of Bias Tool.
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The following domains were assessed for RCTs: random sequence generation, allocation concealment, blinding of sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias. The risk of bias across the following domains was assessed for non-RCTs: confounding, selection of participants, classification of interventions, deviations from intended interventions, missing data, measurement outcomes, and selection of the reported outcome. The risk of bias in each domain was judged as either low, moderate, high, or unclear. To assess the risk of bias, we only relied on the information presented in the publications. We also explored the possibility of publication bias by assessing the results by type of study (randomised clinical trial or observational study).
Statistical analysis
We combined individual study data for first-pass intubation rates or rates of complications. We used ManteleHaenszel models for all dichotomous outcomes, and we used the inverse-variance method for the continuous outcomes. For continuous measures (time for intubation), we calculated the mean differences. A random effects model was used to analyse the data. Results are presented as odds ratios with 95% confidence intervals for dichotomous outcomes. The reference group of the OR was taken as DL. The meta-analysis was carried out using review manager ('RevMan') for Mac (version 5.1, Cochrane Collaboration, Oxford, UK). Statistical heterogeneity was assessed using the I 2 methodology. I 2 -values >50%
and >75% were considered to indicate moderate and significant heterogeneity amongst studies, respectively. 12 All Pvalues were two tailed and considered statistically significant if <0.05.
Results
Included trials
The search strategy used in this study produced 3218 potential titles and abstracts from database searches ( Fig. 1 ). After the removal of duplicates (n¼940) and screening titles and abstracts, we were left with 78 articles. These articles were screened against the inclusion and exclusion criteria. A total of 46 articles were excluded because they included microlaryngoscopy (n¼1), patients in the operating room (n¼20), paediatric populations (n¼9), lacked any location (n¼1), lacked data on first-pass intubation (n¼1) or differences between VL and DL (n¼8), and had overlapping data sets (n¼6) (Fig. 1) .
A number of studies were published by Sakles and colleagues 13e18 and Mosier and colleagues 19 from a large single data set, each addressing a different hypothesis. Of these, one study was chosen, as it was the largest and it addressed our primary study question. 13 However, for the subgroup analysis of intubation success based on the type of airway device used, two other studies not included in the primary analysis were used. 16, 17 The study by Ural and colleagues 20 compared intubations before and after acquisition of an ICU-dedicated GlideScope
®
. A proportion of patients were intubated using VL before the acquisition of the ICU-dedicated GlideScope and vice versa. 20 This study was, therefore, excluded from the analysis. One study author was contacted for additional data. 21 
Study characteristics
A total of 32 studies including 15 064 intubations reported the rate of first attempt at intubation (Table 1) ( Supplementary Fig. 1 ). 
Specific clinical scenario
Five studies with 904 patients evaluated the use of VL during CPR, 8, 23, 42, 43, 47 and three studies including 1482 patients evaluated VL in trauma patients 33, 41, 44 ( Supplementary Fig. 2 ).
Although the study by Jarvis and colleagues 47 
Complications
Fourteen studies with 4236 intubations reported periintubation complications ( Fig. 3; Supplementary Fig. 4 ; Supplementary Table 1 
Time to intubate
Fourteen studies with 3050 intubations reported time to achieve intubation. Overall, there was no difference in time to intubate between the use of VL compared with DL [OR¼1.96 (e5.74 to 9.67); P¼0.61] (Supplementary Fig. 6 ).
Risk of bias
Twelve studies with 2625 patients were RCTs, 5,6,8,23,28,37e41,43,44 and 20 studies with 12 439 patients were cohort studies 4,13,21,22,24e27,29e36,42,45e47 (Supplementary Fig. 5 ; Table 1 ).
The risk of bias of the RCTs was assessed as either low or moderate across all domains, apart from the blinding of participants and personnel where blinding was clearly not possible. The overall risk of bias of the cohort analyses was assessed as moderate or serious in all domains (Supplementary Table 2 ).
The RCTs did not demonstrate any advantage in using VL over DL in first-pass intubation rates [72.1% vs 79.8%; OR¼0.67 (0.35e1.28); P¼0.23], whereas the observational studies demonstrated a greater proportion of first-pass intubation rates with VL compared with DL [80.7% vs 76.2%; OR¼1.66 (1.32e2.10); P<0.001]. Significant heterogeneity was detected both amongst RCTs and cohort analyses.
Two studies had industry sponsorship, 39, 40 one had an industry-funded workshop, 35 and one study had equipment provided at a reduced cost. 29 Three studies did not declare funding from industry or state any conflict of interest. 23, 33, 46 The other studies did not receive any industry sponsorship or stated they had no conflict of interest.
Discussion
In this meta-analysis, we report the pooled results of 32 studies evaluating a total of 15 064 emergency orotracheal intubations performed outside the operating room. Overall, our study suggests that there is no clear benefit when VL is 'routinely used'. Whilst VL should not be used over DL in all emergency intubations outside the operating room, there are specific situations where it may be advantageous, as highlighted in our subgroup analyses. In contrast, in the operating room, VL was shown to improve first-pass intubation rates amongst all patients. 3 The heterogeneity of results amongst studies included in this meta-analysis is likely to reflect different patient populations, type of devices used, variability in the level of supervision of novices/trainees, and clinician familiarity with VL. Where there is a high success of intubation with DL (e.g. with experienced clinicians), there is no clear benefit of using VL over DL. Studies that included trainees/novices demonstrated a clear advantage of using VL over DL for emergency orotracheal intubations outside the operating room. In contrast, the rates of first-pass emergency intubations amongst experienced clinicians were high irrespective of the device used. The firstpass intubation rate using DL increases with clinical experience. 48 VL displays the glottis on an external monitor using the camera attached to the device blade without alignment of the oralepharyngealetracheal axes. DL also requires optimal head and neck positions, and proper insertion and lifting of the laryngoscope, which require adequate experience. 49 VL may, therefore, offer better visualisation of the glottis compared with DL, 3, 17 and offers advantages over DL for orotracheal intubations particularly amongst less experienced physicians. Throughout clinical training of emergency physicians, firstpass success with the GlideScope VL improves at a significantly greater rate compared with DL, with higher rates of first-pass intubation with VL at all stages of training. 50 However, the existing literature is inadequate to define expertise or even competence with the use of VL during emergency intubations. 51 Our results were different to that described in a recent Cochrane review, which reported the personnel experienced in both devices had fewer failed intubations when a VL was used. 7 This is most likely related to the definition of an experienced clinician, which was defined as a clinician with 20 patient intubations with each device. In the ED, there was no clear benefit of using VL over DL. First-pass intubation rates in the ED were relatively high with either VL or DL. Our findings of higher first-pass intubation rates with VL compared with DL in the ICU are consistent with a previous meta-analysis, even with the addition of three new studies, two of which are RCTs. 52 First-pass intubation rates in the ICU were relatively low with DL (64.3%), which may reflect the fact that eight of the ten studies included novices/trainees. There was no clear benefit of VL over DL when comparing studies using only the GlideScope device. The use of the CMAC offers benefits over DL in achieving first-pass intubation. The CMAC incorporates a micro-video camera on a standard Macintosh blade and, therefore, it can be used as either DL or VL. 53 This allows clinicians to perform DL and, if this method proves difficult or unsuccessful, allows for easy transition to VL to accomplish tracheal intubation. In the ED, the first-pass intubation rate using CMAC as DL was lower than that of the Macintosh DL. 15 However, when clinicians experienced difficulty, they were able to switch to VL, enabling them to achieve a higher overall first-pass intubation rate with the CMAC. This benefit was more evident amongst patients with a suspected difficult airway and amongst less experienced clinicians. VL was not associated with higher first-pass intubation rates during CPR or in patients with trauma in our analysis, although the numbers of studies and patients included in this subgroup/secondary analysis were low. Recent observational Comparison of first-pass specific complications. Weight is the relative contribution of each study to the overall odds ratio (random effects model with 95% CI). CI, confidence interval; DL, direct laryngoscopy; VL, videolaryngoscopy. data suggest that orotracheal intubation within any given minute during the first 15 min of resuscitation amongst adult patients with in-hospital cardiac arrest was associated with decreased rates of return of spontaneous circulation and survival to hospital discharge. 54 Similar findings have been reported by others for out-of-hospital cardiac arrests. 55 The reasons for this observation are unclear, but may be related to prolonged interruptions in chest compressions, hyperoxia, delay in defibrillation, and possible unrecognised oesophageal intubations. A recent observational study has found that 'chest compression delivery did not differ significantly between airway classes'. However, repeated attempts after failed initial DL (but not VL) during CPR were associated with an increase in the number of pauses in chest compression delivery. 56 Ongoing clinical trials may provide more insight into the optimal airway management during cardiac arrests in the out-of-hospital setting (clinicaltrials.gov identifiers NCT02419573 and NCT02327026, and isrctn.com identifier ISRCTN08256118).
The cohort studies included in this meta-analysis demonstrated a benefit of VL over DL, whereas RCTs did not. This is likely to represent a publication bias with preferred publication of observational studies reporting a group difference between VL and DL. The possibility of a selection bias can neither be ruled out, as VL might be used in very specific situations by clinicians who are confident in the use of this technique. Accordingly, the overall risk of bias was graded as moderate or severe for the observational studies included in this metaanalysis. Further RCTs are required to minimise the risk of bias and allow a more objective assessment of the role of VL in emergency intubations.
The reduction in complications associated with the use of VL over DL was statistically significant, particularly with a reduction in oesophageal intubations. VL was associated with a lower risk of oesophageal intubation, as VL may offer better visualisation of the glottis compared with DL. 3, 17 Despite this, there was no difference in the incidence of hypoxaemia/ desaturation or aspiration of gastric contents. The incidence of peri-intubation arterial hypotension was greater amongst patients intubated with VL compared with DL. Although the sympathetic/hypertensive response to DL is well documented, it is not clear if a similar response occurs with VL. It is not possible to infer into this finding without knowledge of the sedative and vasopressor agents used during intubation. We did not report the total number of attempts for intubation, the glottis view achieved, or information on patients with known or suspected difficult airway. There may be a benefit for VL for emergency orotracheal intubations in the patient with known or anticipated difficult airway. 13, 22 A recent Cochrane review found a benefit of VL in patients with difficult airways, although a significant proportion of intubations occurred in the operating room. 7 We are also not able to comment on the role of VL as a rescue method for failed intubation using DL in emergency situations. After a failed first intubation attempt, regardless of the initial device used, the CMAC was more successful than DL when used for the second attempt in the emergency room. 14 There were significant differences in the reporting of types of complications. The variations in reported complication rates are likely to reflect heterogeneity in patient characteristics and illness severity, level of training of doctors, and definitions of complications.
There are many confounding variables that limit the conclusions drawn from the overall comparator group. For instance, there are a number of different types of VL and a number of different locations, and the experience of the clinicians is variable. Furthermore, we have not addressed a number of other important confounders, including patients with difficult airway characteristics where VL may have an advantage over DL. Recommendations for clinical practice cannot be made based on the results of this meta-analysis. Information gained from this analysis should help in the design of further high-quality RCTs, which focus on specific clinical scenarios, clinician experience, VL devices, and patient characteristics.
In summary, VL compared with DL is associated with greater first-pass emergency intubation in the ICU and amongst clinicians with less experience, and reduces the risk of oesophageal intubation. However, VL is associated with greater incidence of arterial hypotension. Further randomised clinical trials investigating the utility of VL over DL in specific situations are required. 
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